INTRODUCTION
W ash primers designed to protect steel struc tures against corrosion n o r m a l l y contain chromates. Because of their toxicity, chromates constitute a hazard and need to be replaced by m o r e environmentally acceptable corrosion inhibitors. In this sense, tannins, a class of natural, non toxic, biodegrad able organic compounds, are being proposed as an alternative in primary painting systems.
Tannins are polyphenols of vegetal origin and the proximity of hydroxyl groups on the aromatic rings makes them able to chelate iron ions. Ferric tannates of dark blue color are highly insoluble and act as electric insulators between cathodic and anodic sites on the metal surface 1-8
The formation of iron tannates was studied by Ross and Francis by infrared spectroscopy. 7 Tannins showed a very broad absorption band between 3,700 and 2,700 cm -1 due to the presence of hydroxyl groups. Three peaks occurred at 1,600, 1,500 and 1,450 cm 1, which a r e characteristic of aromatic compounds. Various peaks in the 600 to 900 cm -1 region and smaller peaks between 1,000 and 1,200 cm 1 are characteristics of substituted benzene rings. The spectrum corresponding to products resulting from the reaction between iron compounds and tannin showed a similar pattern, although resolu tion was not as good. The major difference was in the OH region where absorption was much less, thus indicating that the hydroxyl bonds had been weakened as w o u l d occur after the chelation with iron ions.
Seavell 4 demonstrated that small amounts of iron, approximately 2.5%, are bonded to tannins in ferric tanhate. Vetere et al. ~ found that this amount may v a r y w i t h the type of tannin employed to precipitate ferric tannate and with the pH of the medium. At a pH of 4, chestnut tannin precipitated on an average of 700 mg of tannin per 56 mg of ferric cation, while for other tannins such as "quebracho" and mimosa, 500 mg of tannins reacted with 56 mg of ferric cation.
Tannins as corrosion inhibitors are applied both in solvent and in waterborne pretreatment formulations. ~Av 52 ~ntr~ 121 y 122 11 ,, 1-11-1 ) La Plata Argentina; T~I 54-221-4:E::'1141/44. Fax 54-~1 4z71F.',7 @mail: ,-id@pint@ha.net T h e developmev~t qf a water-based pretreatment system containing chestmlt tannin m~d phosphoric acid and the assessmtvtt of its anticorrosive properties through different convaztionaI tests are disc~zssed in this work. Treated steel panels coated with differev~t paint systews were s~bjected to standardized (salt spray, humidity chamber, adhesion, and flexibility) and electrochemical (corrosion pote~tial, EtS) tests. Electrocl~*micat tests were pe~brmed by evtptoying only panels coated with the wash primer to determi~u: its protective effect. The bhuter employed in this re~ search was prepared in the laboratory by emul~ sion poI~zerization f f acryt& nw~uTmers.
it was found that the tested formulation protected steel against corrosion by forming .ferric tannate, which prevented oxide formation. After perforv~ib~g the salt spray tests, it was observed that ~o oxide spots developed on the scratch 7t~rIq although some blisters were detected. The good stability of the binder #~ low pH media (pH: 2.0~ 2.5) and the bh~der/substrate interaction are de~ cisk~e ~hctors in the p~fbrvnance qf this aq~eous pretreatment systevt.
These formulations could be applied on partially rusted substrates, reducing the effort needed for cleaning the surface by sandblasting or other methods, z,9 They have been called rust converters since their presence converts active rust into iron tannates, which do not further react with corrosive agents and impede steel corrosion. The anticorrosive behavior of steel panels treated with solvent-based formulations and coated with alkyd, vinyl, and epoxy paint systems (anticorrosive paint plus a topcoat, final thickness between 70 and 150 ~tm), was assessed employing accelerated tests and electrochemical techniques. Untreated steel panels coated with the same paint systems were used as blanks. It was shown that paint adhesion and anticorrosive properties of the paint systems were improved when they were applied in combination with pretreatment formulations containing tannins. No blistering was observed up to 500 hr of exposure to the salt spray test; blisters began to develop after 1,000 hr of exposure. 10-n The presence of the primer delayed the onset of corrosion for 150 250 hr, with the length of the delay dependent on the type of binder employed. Epoxy paints proved to be the most resistant to corrosion. 11 The system canbe used on clean or slightly rusted surfaces of variable roughness; although better results were reported to be obtained with slightly rusted surfaces (oxide layer < 100 ~tm thick).7,1~
The pretreatments containing tannins reduced the steel corrosion rate by a factor of two to three with respect to conventional ones based on zinc chromate. The corrosion potential of pretreated panels was shifted at least +100 mV with respect to the corrosion potential of bare steel. The variation of the corrosion potential as a function of time, in an electrolytic solution, revealed a certain tendency of treated panels to repassivate. 10-12 The anti corrosive behavior depends not only on their composi tion but also on the barrier properties of the whole painting system.1 Results of different tests showed that tannins could not be employed alone and, in the case of expo sure to severe conditions, the incorporation of an anticorrosive paint in the painting system is mandatory. 1,2,10-m
The reaction mechanism of tannins added to primary paints for steel protection is not well understood, and their efficiency is questioned by some authors. 1,s,4 Tannin penetrates the rust to varying depths and, usually, 4 ........................ - T.:.p._-.:.at was alkyd paint pign ,~r,tvd with titor,iuru .:.xid~ half of the rust is affected by the pretreatment system. The reaction of tannins with iron compounds yields to the formation of iron tannates, as stated previously. How ever, some authors have reported the formation of mag netite, an adherent and protective oxide, as a consequence of the reduction of ferric ions to ferrous ones by tannins. 7~ Faure and Landolt 5 stated that magnetite could not be formed in the presence of gallic acid or tannins. These compounds chelate iron ion to form a precipitate, which insulates cathodic and anodic areas preventing the chemical reaction between ferrous and ferric corn pounds and forming magnetite. It seems that some magnetite could be formed after two to three months' exposure if some ferrous tannate was trapped in the film after drying and deprived of oxygen. After three months, oxidation was reported to begin again, with lepidocrocite being the final oxidation product. 3, 7
The influence of phosphoric acid on the performance of these systems has also been studied. The transformation of rust by phosphoric acid depends strongly on the concentration of the acid. It is only above 8 M concentra tion that ferric phosphate is formed. Below this concentration level, the transformation is dependant on the initial corroding medium. In most cases ~ and ? FeOOH and ferrihydrite are likely to be formed, ls,16
Little information concerning the preparation and performance of aqueous pretreatment systems containing tannins was found in the literature. 12,1his These systems seem to perform in a similar way to the solventborne ones. Formulations containing phosphoric acid, without incorporating tannins, have also been developed. In this sense, a single-step phosphate/paint system composed by polyester-melamine enamels and phosphoric acid was formulated successfully. 19 Phosphoric acid was found to migrate and react with the surface of the steel panel. This resulted in the formation of metal phosphates such as Fe(H~PO4)b FeHPO4, FeB(PO4)2, FePO4, etc. These compounds are thought to passivate the sub strate and provide the proper functionalities for the condensation reactions with binders.
It is the aim of this research to formulate a water based anticorrosive pretreatment system and determine its anticorrosive performance through mechanical, chemical, and electrochemical evaluations. The synthesis of the binder was carried out in the laboratory in order to achieve a well-defined formulation compatible with the characteristic acidity of this type of product.
EXPERIMENTAL Pretreatment System Formulation and Application
BINDER: The film forming material was an all-acrylic emulsion prepared in the laboratory by semicontinuous emulsion polymerization. 2~ An acrylic resin was se lected because it is of low cost, easy to prepare in the laboratory, and has the possibility of being compatible with phosphoric acid. Moreover, this resin, as it will be pointed out later, did not coagulate in the presence of tannins.
